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ABSTRACT

Th-s study investiga.ted the basic target acquisition capability of
the unaided eye in a simulated real-world environment. ?ilot performances
on target detection and recognition tasks were examine 4 under two test
Paradigms;

_ Search task for unbriefed targets and tai'get areas;

SPsychophysical threshold visual -ngle requireients for briefed
i -targ.ts.

It was found tihat, as in previous studies using TV augnnented viewing
L sstems, there waz a large decrement in performance at low contrast levels

of 5% to 15% for both targez detection and recognition. DifferencPe in
performance between search and threshold tests decreased to a constant
value above approximately the 2(f contrast level. At low target to back-
ground contrast levels, the general contrast level of background object.s

nas nigher than that of the target allowing maximum time for evaluation
cf all area objects. As a result, all high contrast non-targets were
eliminated prior to reaching the visual threshold for the l.w contrast
t'arget ,:hich was then detected. Consequently, there were -no significant
differences between search and threshold tasks at low contrast levels.ICmparison of the static and dynamic threshold tests revealed no dif--
ferences in the observer's performance with limited or unlimited time
'or target examination.
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SYNOPSIS

This study investigated tne basic target acquisition capability of
the unaided eye in a simulated real-world environment for air-to-surface
search missions. The data were collected using the three-dimensional
600:1 scale terrain model in the Guidance Development Center of the
Orlando Division of Martin Marietta Corporation. Simulated flights at
C3000 feet altitude and 350 knots aaIrspeed were flown against targets

.. having target-to-backgroL.nd contrasts of between 5 and 50 percent.
Three paradigms were employed to examine several experimental parameters
involved in target detection and re-ognition:

1 A dynam:.c searci task over- a pre-briefed 1/2 mile by 1/2
mile target area with an unbriefed target positicn;

2 Static and d mfnamic tasks to establish the psychophjsical thresh-
old for recognition of a target at a briefed target position;

3 Static and dynamic ta3 ks tc establish the psychophysical thresh-
old for recogri.io of a target at a briefed target position.

Former military pilots, experienced in air-to-surface target acquisition
mi~icns, served as subjects.

The objectives of this study were to:

1 Determine the reiationsr.ip of target-to-background contraut
levels on pilot perf'ormance in deecting and rtcognizing

? targets during tasks requiring search of a pre-briefed
general target area,

2 Determine the relationship of target-to-background contrast
levels for detecting xnd recognizing targets when the search

i task was eliminated to obtain psychophysical baseline data
on visLal angle and range requirements.

The targets were bilhouettes of three simple tuildings with areas,
perimeters and other dimensions approximately equivalent to each other.
Two dimensional targets were used in order i.c, maintain a consistent

a brightness across their surface. The contrast valles of these targets
against their backgrounds were 5, 10, 15, 20, 25, 35, and 50 percent.

~* *
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f. Se ,',;esc r7-;!i Fs-ed z e w: .-n + :-en trao 1 c er:+:
ma - nt a n F reznse c3ntra.st contro..

';',e princizal res'. s and cor- l-usions are s'i-aieibebw:

Ti. ~ecrInce .ezendent .n Contrast

-n al tes-,is th.e s-u1"tect's t,-r~e- s- -ui or a ii' ~r'e

with an. incr:ease i;. contrast up to K~ - 25 percent, weri nis per-
'~c eveTied off. Th -e largest ef<:ect -aas at ttne low contrast Ievels

of 5to i; jerc.!nt -hera visua. amii re -irenents fz'r detrc;r ranze
44rcm 1.5 ar(csinutes on th'e tres:._old task up to '3-: arca-in--tes fcr th-e
search task.

Attn clost. rarges rez:red for re~g_-:.n -.:sz'es 4:
the seerch task ranged 4fro= 2.5 arc.n4-Utes a', 2j Lerce::- ccntra5l, to
4.8 ar:minutes at tn e 5 pecent leve- . 'Znreshold -:L.swere s4~~a
to se-r.-L val-,es at th-e z oercent level (' rou~~ an -4 decreased
exnc~.entiall to 1.2 arcmir2.it.es at tn-e 35 percent contrast :eve2l.

2. Search- ?1e:-crmance

Differen~ces in oerator performamce bet~een ::e searcen tas._\ &nd
UK e pre-briefed target detectior. tasks sh-owed s.ignificant differences
at all 'levels of ccntra. t l*ndicatinz .he increased --:e arc- vis. al
angle requiremen~ts n-eedled tc searchr --r area cnd th"en detect thec target.
For the recognition task-s, ho.iever, lo0w contrast cof the target apo;earel
to mask the efects cf searc.-' so thtno di:fferenCe existe4 '-etween
these tasks for t-,c search or ore-briefed cuniitaons. Only at contr-ast
levels of 235 percent and above wa:s -. e search- tas*- found tc te =-Ire
difficult than th-.e t-res-old or zre-briefeci task.

5. Time enen t Resnoonse - Static vs. Dvrar-c 'od4 " ons

Unlimited res-onse time had no effect on wnetn-er a s _biect could
aetet orrecg~.ie atargt troughout the total contrast range. A

constant difference existed between the dynamic and static detection
tests as well ais thie dynamic and static recognition tests, however,
these were not statistically significant. These differences appeared
to be du.e to subject reaction time.

2
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A. BCKROUND

T-is ~t.vwas performed as one step in the.A deyelocnent of a set
o'f basic iaa on target acq-: si::r. T:.e first exDeriment (Reference 11)

exzne argL: .ci.~to sinz a teevision s-.ste.T equipped with
.at "n:elds cf view 'nV. izh degree of target-to-background

Canst ccntr.. was ;;sed in order to) determine an accu'-ate relation-
Sbetween target cc--at TV i'CV, and target aczuis--tion performance.

.n3stxd;- investigated the target acquisition car mbilt fth nie
t-e e r in simulated real~~r e:vi::onrIent. .x rmnts were constructed

s:t:,:t datn wo-ul C e :zbtairned on basic tarzet acc;uisition tasks in-
vo-vin'- sear:on cve7 a rre-br-fede I/L X 1!/.2 74e area (simulated;. Tasks
. :re a-sc "es::~ned tc det-r:.in target detection and recognition thresh-

d:-, el. in-t inz cot. tne searcn funczio. and t ime-de pendent responses.

-e eas'.;remnents, reconrnaissance pnotc inter-nretat~on and other
s~~~io ~ 'de Ref erences 2,.,c ,1.) 'nave indicated thnat

t a:ocz t -Oac:zro'.nd contrast was -zne no:st critLiCal factor in acauiri ng
reon arzets. An e xa:71nation : tnese reports ::,a also shown

c~ ne:z cntrast varia .le _4s t.. -2 :_s critical, it nas also been
r~ c:;e 77:0t 7:Ciol t control' - bato.in field st~dies and simulation.

....e series c: ex rmn s ceini: ccd-ce at MC bctih on. t - contract
an o:.rs(ieerncs I nd -) -as icrovided ti.e :.i~rnest degree of contrast

c o.eo to date. Secause of t::e inmoirtant nature of; -.-is contrast variable,
a--.... extraneol-s :accrs, e.g. , tage shape and detail1, varied back-

Zr-.nds, and rel'ative motion nave b een, minimized in crder to eliminate as
...arn:!. .terac ticons as ross-Jble.

b. &J2V5AND Al l-ACH

i~asioa1 '--t's studyv investigated the com-,ponent parts of a target
ac-.-a'sition rroblem separat e?.v, _-:d under th.eir dMnairic interactions. This
incl:ead tairzet searcr, detecti-on and recognition in an unbriefed target
!..cde andc in~ static ano u%,n~iic thresnold nodes. The ieparate objectives
were:4

I To deturmine tne effect of target-to-background contrast on
t-e visual angle and sldnt range requirements for target
detection and recognition;



To determine the cffect of target-to-background contrast on
the visual angle requirements for target detection at the
minimum visual angle, i.e., detection threshold, in both the
sta.ic and dynamic modes;

To determine the effect of target-to-background contrast
on the visual angle requirements for target recognition at
the minimum visual angle, i.e., recognition threshold, in both
the static and dynamic modes.

From an operational standpoint, the roles of detection and re-
cognition cannot be separated for either briefed or unbriefed target
positions. In either case, detection has to occur prior to or simul-
taneously with recognition. Once the pilot has navigated to the general
area of the target, his target acquisition task consists of several sub-
tasks. He must locate the target area, search the area for the target
in question, evaluate potential targets until the actual target is
detected and, if required, identify the target. If the exact target
position i3 known, the locating and searching tasks are eliminated and
the pilot will more readily detect and recognize the target at a greater
range. An object at the prebriefed position may require less defi-
nition of shape to be recognized or may be evaluated successfully at
a longer range from features which might also be characteristic of
other non-target objects in the general target area.

The target detection requirement will be affected by several
criteria within the available briefing information, Soa. of these criteria

are outlined below:

1 The limitation of the target by object class, e.g., vehicles,
buildings, aircraft, etc;

2 The limitation of the target within an object class, e.g.,
tanks, trucks, armored person~iel carriers;

3 The availability of cues for target area location;

4 The amount of "noise," i.e., objects other than targets, in
the target area which nave size and si'-pe characteristics
similar to the target4

Knowledge as to the probable target-to-background contrast
ratio;

6 Knowledge of the location of the target in proximity to re-
cognizable terrain features.

The target detection task is, in reality, a process of elimination
(provided that detection occurs prior to the target recognition threshold).



mI

Target detection occurs when enough of the briefing informaution has
been~ correlated with the areFa under consideration to allow selection of
,n object as a target. As stated by Bliss (Reference 3), "Detection
is the determination that some object is present at a location compatible
with its being the target; ... " It is an easier task to distinguish
the fCea~.ures ofl a target when the object under consideration is known
to be the target than when several objects are potential singular targets.
For example, a pilot would readily detect a single vehicle target from
long range, in an open area, by "seeing" its characteristics, if hlir
briefing had included a target in that position. This same target might
not be so obvious, at that range, if it were near similar appearing
objects such as boulders, canvas covered buildingb or supplies. The
need to detect a target, from the available choices, would require
closing the range until the iaon-targets could be recognized and elimi-
nated or until the target icself could be discriminated from its sur-
roundings.

Because of the difficulty in trying to show a simple relationship
between target detection and any of the controlling parameters, this
study was limited to those factors described below.

Five tests wc e designed to determine an operator's ';arget detection
and recognition capability. The first of these tests presented the
target in a 1/2 mile by 1/2 mile prebriefed, essentially open area or
field with variations in the terrain mottling and vegetation accounting
for background "noise." The subjeci. was reuIred to search the target
area and detect and reoog,-nize th)e target during simulated flights toward
the target area,

The remaining four tests were desi '-Ied to study the basic target
detection and recognition thresholds of the human eye, in both dynamic.
and sta tic modes. For detection, these tests reduced the background
noise which required evaluation, by limiting the search requireme,-t to
an area, on the terrain model., approximately equal to that covered by
the subject's foveal vision. For recognition threshold determination,
target detection was achieved by designatinig the target on the terrain
model. This provided a single object for evaluation and eliminated the
possible effects of background noise.

I

lr

m)



6



I. TECHNICAL DESCRIPTION

This section discusses the experimental design and the variables

and technical factors that were involved in this study.

A. EXPEIMENTAL DESIGN

Each of the five individual tests was composed of the same basic
variables in subject briefing, target search requirements, and simulated

airspeed, as required by the objectives of the te6ts.

Test 1: Target Acquisition with the Unaided Eye

The objective of this test was to determine the visual angles obtained

at target detection and recognition for simple building tirgets and the
relationship between these viiual angles and the contrasL of the target.
Six target-to-background contrasts, three offset levels, three target
shapeo rnd five subjects were used. The offsets served as repliLtions
for each target treatment arc provided a random search task within each
target irea. The target contrast values and shapes were systematically
varied and presented to the subjects in counturbalanced order.

Tne following -ire the parameters for the first test:

Test Parameters Number Values

Target/Background Centrost 6 ', 10, 15, 20, 25 and 5 percent

Target Size 1 2 X.' ' 45' (simulated)
Target Shapes Left Sihed, Right Shed, house
Target Offset 5 Levels 1, 2, and 5
Flight Alti.tude 1 1000 ft (simulated)
Ii!ht Airspeed 1 550 Kts (simulated)
6ubjects 1 Former Military Pilots

Test 2: eterminatiun of the Target Detection Threshold for the Unaided
Eye, Dynamic Mode

This test was desilznd to determine the direct vision, target
detection threuholds ana the relationship between these thresholds and
tne target. in a dynamic, r'iage closure condition. Four target-to-
background conrast ratios were systematically varied -,n three

I



replications and presented to the five subjects in a counterur.lanced
order. Three target shapes were used in this test and their application
is discussed in Part E of this section.

The following are the parameters or Test 2:

Test Parameter N xmber Values

Target/Background Contrast 4 10, 25, 35 and 50 percent
Replications 3 Random Target Placement
Target ,Size 1 25' X 12.5' "simulated)
Target ShaDe 3 Left Shed, Right Shed, Houta

Flight Altitude 1 3000 ft (simulated)
Flight Airspeed 1 350 Kts (simulated)
Subjects 5 Former Military Pilots

Test 3: Determination of the Ta:get Detection Threshold for the Unaided
Eye, Static Mode

This test was designed to determine the target detection thresholds
of the unaided eye and their relatinship to the contrast of the target
when the time allowed for target search and evaluation was unlimited.
The sane experimental design and parameters which were used in Test 2
were repeated for this test except that the airspeed was eliminated and
static range closure steps were employed. The static steps were ma.e
in range changes whizh provided one-tenth of an arcminute variation :n
subtended visual angle.

Test 4: Determination of the Target Recognition Threshold for the
Unaided Eve, Dynwnic Mode

This test used the same parameters at Test 2 above to determine
the target recognition thresholds and their relationships to targe
contrast. The paranje+ers were again systematically varied and presented
to the bjects in a counterbalarced order.

Test 5: Determination of the Target Recognition Threshold for the
Unaided Eye, Static Mode

This test was designed to determine the target recognition thrern-
oldu of the unaided eye and their relationship to target contrast when
detection had been assured and the time nllowed for target evaluation
was unlimited. The same experimental design and p-arameters which were
ased in Test 4 were repeated for this test except tnat the ali-speed
was eliminated and static range steps wer! employed. The 5tatic steps
were made in the sa;ne manner as in Test 3.

8



B. VARIABLES

Most of the variables affecting target acquisition were neld constant
in order to provide baseline information on those which would fulfill the
study objectives. Examination of the total relationship of the target
with its background has to be evaluated in order to determine both those
criteria affecting the total target acquisition task and the relation-
ship of its individual components. For the target and background Gestalt,
the major surround va:iable was the type and amount of "noise" in the
background, i.e., contour, vegetation and objects, both manmade and natural
combined with the target charazteristics of size, shape, and contrast.
If te remaining parameters are held constant, the amount of similarity
between the background "noise" and the target characteristics will deter-
mine the difficulty of the target acquisition task.

A realistic flignt problem was defined to provide a set of constant
parameters abct wnich tne target and background relationship could be
assessed. The flight parameter values selected were considered to be
representative of those whicn might be employed by a jet attack aircraft
while seaiching for snall tactical targets.

The targets were randomly placed in a variety of backgrounds in-
cluding open fi-lds, desert areas, and basically open areas with an
occasional tree or similar vegetation. All of the areas were real-
istically mottled in appearance wich provided the limited variation
in backgrcund required in this study.

The variables whi,:h. were selected for investigation were target-
to-backgrcund contrast and size of ground area to be searched. The
following additional variables were held constant at values consistent
with real world conditions and aircraft performance.

Aircraft Velocity

Aircraft Altitude
Type of Target Background
Flight Path/Target Position Relationship
Total Scene Illumination
Type of Target

The dependent variables which were recorded to evaluate the subjects'
performance were visual angle, slant range and time. Since the surface
of the 2-D targets lacked any detail which mignt have aided in detection
or recognition, the visual angle upon which detection or recognition was
dependent in these tests was a function of the overall target dimensions.
The definition of visual angle used in this report was based on the
largest vertical measurement of each target as projected into the plane
norma' to the subjects' line-of-sight. This dimension was used since it
was the primary distinguishing characteristic uf all three targets.

9



C, TARGET TO BACKGROUND CONTRAST

In this series of studies, the targets were darker than th'±ir
respective backgrounds and the contrast relationship was defined by the
equation

C a P-B0

where:
B 0 brightness of the objecto

Bb a brightness of the background

This formula was used by Blackwell (Reference 1) for objects darker
than their background; it yields contrast values Irom 0 to 1.0.

Tnis study was conducted with colored targets placed against a back-
ground of identical hue but differing in brightness. The laboratcry
lighting was adjusted to prov.de a constant brightness for each target
and background, as measured from the observer's position for all subject
to target distances. Measured tolerance 1or contrast variation between
the targe* and background was + 2.0 percent, i.e., ior the 25 percent
level the contrast rainge could-be 23 - ?7 percent. (See Part G, Control
of Variables.)

D. TARGET BACKGROUND

The target backgrounds were selected fror., areas on the ter _in
model iv the Optical Guidance Laboratory (see 'Xppenaix A). These areas
had relatively constant refiectance in the immedinte vicinity of the
targ7et to provide approximately equal target-to-b-ckgrouid contrast
ratioF, on all 6ide8 of the t_,4ret.

The criteria for selectioi o.' the target areas were thaL"

1 Only open fieLds/are:is with a minimum of large vegetation and
objects in the immed;;i e vicinity of the target position would
be chosen.

SThe, areas would , ve a mianium brightness of 100 f)ot-lamberts
under the to ,et lighting c gnditi~ni (a mea'UAed at the position
of the obscrver's ve).

Tie ter.-, n contour in th orea of the target position would not
obstruct the view of the target juring range closure, and the target
background would nct chanre dhe to t .e angl e from which the scene
was viewed.

10



Based on these c--iteria, the target areas were selected by viewing the
proposed areas through a telescope as range closure was effected. This
allowed detailed evaluation of each area. The areas were then photom-
etered from the eye position of the observer and final selections were
made.

E. TARGETS

Two-dimensional targets were used in this study because unlike three-
dimensional targets, surface brightness could be controlled. The targets
were tilted away from the subject at an angle of 45 degrees to the hori-
zontal plane which produced even illumiznition of the viewed surface and
maintained a relatively constant vertical dimension as range closure was
effec ted.

Three target shapes were selected for use in this study. Since this
experiment did not attempt to study the effect of target shape on the
target acquisition or recognition task, distinct targets with similar
inherent characteristics were selected. From a review of the effect of
target shape on target acquisitlon (References 4 and 8), it was concluded
that for targets of the bame maximum vertical and horizontal dimensions,
their areas, perimetc-rs, and perimeter-to-area ratios were the major
controlling factors cffecting acquisition. Using these criteria, three
target shapes were selected that had equal areas, perimeters that va-ied
a maximum of 2.9 percent, and perimeter-to-area ratio with a maximum
variation of 2.8 percent. An exploratory study was conducted with six
subjects to assess the relative effect of target shape. There was no
significant variation in detection and recognition ranges (Reference l1).

The selected shapes and tne dimensions used for the particular tests
are given below, in Figure 1. A pilot study showed that, in order to
obtain about the same probabilities of detection and recognition for all
tests, larger targets were required for Test 1 (Target Acquisition with the
Unaided Eye).

h h/2

h/2 ii bkrlii
T-yo w '~To j- w -.. I. -

Left Shed House Right Shed

:est I: w .75" (3-.5', 630:1 scale), h = .375" (18.75', 600:1 scale)

Test 2,14,5: w = .." (25", 600:1 scale), h = .25" (12.5', 600:1 scale)

Figure 1. wio-Dimensional Target Shapes

11



SEARCH AREA

Test 1, in this study, was the direct vision corollary of the tele-
vision unbriefed target acquisition test reported in Reference 11. The

search area wae thv same size as that used in the previous study - 1/2

mile by 1/2 mile. T subjects were briefed on the area boundaries and
each area contained a singl target.

The 1/2 square mile area was selected as typical of the amount of

area that must be searched by a pilot when the target position is ur4.fed

as "near the intsrsection of two roads" or "just north of the wooded i-..ea,-
etc. As descriued in subsection H of this section, verti-al an(, oblique

photographs of the entire terrain ,nodel were used for subject briefing.
The target airea was marked on t vertical view photograph and the sub-
jects were perm-tted to study the photograph "or as long as they desired.

For Test.- 2 and 3, a search area was provided thac would require

evaluation of ,otentia, targets and ,et eliminate the search requirement.

This wan a circlr of 10" -adias (artual, 500' scale) which, when observed
from an elevation of 5' kactur1, 3000 feet scale) at the .50' rangc appeared
elongated horizontally. Karcim state! in Reference 9 that: "Concerning

detection sensitivity fo the va: ^,Uz eccentric portions of tbe visual
field the consensus of experimental results seems to be that the areas

above and below fixation exhibit higher thresnolds and those areas to
the right and left of fixation yield lower thresholds. The iso-detection

contours for stationary spots, then, are generally oval with the long
axis corresponding to the horizontal meridian of the visual field."

In Tests 4 and 5, the problem started with target detection
elimin ted throuLh precise target desi nation on the terra in model by
the tes. conducuor.

G. CONTROL c.?F VARIABLES

1. General

Whiit this stud-,, involved the control of several variablec, tie

pgir moter that was most difficult to reF,,ate was target-to-background
contrast. The stated objective of t!:is a;tidv required that specific
contrasts be estAbli. hed and ma untaLned for each treatment.

Te cont;rol o' contrali. ia a difficult task in any experiment of this
type, ard Pr-tico,:.rJ y whe!, pcrtions o" thuc test are conuacted under
dynamic condi cions, or whmr tic placcae.t of the -;timulus material ib

.r1.v d. Tae procedires land techniq,,- emyloyed, t • nrob! "ms encountered,
:knd the contrast vilues A. tain-d for t, ii exper menu, ire describeti in
this section.

12



The following variables influence the accuracy with which dea.irei.
contrast values can be measured and :ontrclled:

1 The &-ccuracy and preciivion of the photometur,

2 illwanination control throurhout the area of target placement;

SThe degree to which the target surfa-ci can be made to reflect
th6- desired 3ight 1kvel in relation tc its backg-round:

4 The changing target/backgrol,.d relat onships in relation to
the positioi of the observer's eye.

2.Photomete- Accuracy

A Phot3 Research Corporation Spectra Pritchard pho",oreter was used
to determine the various target and background brightnesses for c ,ntrol
procedures a'ld contrast determination. Since this photometer was central
to mosc of the calib-ation an(' -ontrol,, a previous analysis (Reference 11)
was used to determine the accui-acy ilhat could ba expected from its use.
Table 1 gJ-"les the value of one standc~rd deviation for different values
of contras5t and number of observations. 11P probability that a givren
contrast calculation will fall within one standard deviation of the
trL~e value is 0.54; within Lwo standard devia3tions, 0.9546; etc. There-Ifore, :i could us- nis table to make stat-ments such as the following'.
"The probability is 0.1 that the true valu Gf contrast lies between
5 percent + 0.828 percent when one mea,--urer.nn. yielded a calculated
contrast value of 5 oercent;" or we c-in say "The probab'Lity is- 0.9146
triat the truc value of contrast lies between 10 percent + 0.936 puoccnt
when 9 mp,:;surements were averagec to yield a calculkted value of 10
percent

Contrast _______Number of Observations

(percent) 9 1-67 2

0.828 G I' 0.4 q 0 '15 0..572
10 o. 0809 0.jl 0.469 0.408 0.366

I 15 u.794 0.j 1 01.)465 0.404 0-364
do 20 .738 0.-5_i 0. 4'.9 O.'-t02 o,364
25 0.'/6.1 0 -5 51 J o1446 ,.404 o.37

35 .,46 0.51 0.464 I .41 0- 8

Ta bIe I

One Sigma Values for Cortrast Relative to I'hotor-ntei- Accuiacy



3. Illumination Control

The illumination levels in the Optical Guidance Laboratory and in
the pilot display room were maintained through consistent light control
settings. Light measurements were made and recorded to ensure precise

illumination levels at these settings. The light measurements were
made at various fixed points in the laboratory and directly on the targets
and their backgrounds.

The changing aspect angle of the photometer relative to the terrain
model target areas and targets at various longitudinal ranges in the
laboratory resulted in variations in apparent target and area brightnesses
for a constant level of illumination throughout the laboratory. The
relationship between the target brightness variation and the back-
ground area brightness variation was such that the contrast ratio varied
significantly with range. Consequently, lighting adjustments (termed
"light balancing") were made to compensate for this effect. The final
lighting conditions produced consistent contrast ratios over the viewing
distances involved; the standard deviation in contrast varied only 0.95
percent about the nean value attained.

4. Contrast

The targets were constructed using metal bases with colored paper
fronts; the same colored paint was used on the targets and their immediate
background areas. The metal base supported the target on a 45 degree
angle and provided vertical alig=12nt pins for exact positioning on the
terrain model. The target areas on the terrain model were repainted in
their nriginal colors to establish an exact color duplication for the
target paper. This paper was painted wi.h an air brush to provide a
color consistency across its entire surface. Two-inch square patches
of this paper were used for contrast inatching with the target background.
The 2-inch squares and their background were photometered from the
subject's eye position.

The light balancing procedure (discussed in Part 3 above) showed that
a target photometered at the 25 foot longitudinal position in the labo-
ratory would have a contrast value very near the mean v,ue of the
contrast measured as a function of range. After photometering the basic
colored target patch and its background, the brightness of the target
patch was adjusted to achieve the required contrast value. This brightness
adjustment was accomplished by using a titanium base white paint or a
flat black paint as necessary and applying this paint in a very fine mist
with an air brush. The targets were then measured at various longitudinal
distances as a crosscheck on both light balancing and contrast matching.
The actual targets were then made from the matched 2-inch squares. Table
II shows the mean contrast values and the standard deriations of these

targets. The RSS of the standard deviation and the standard deviation

of 0.95 percent contrast variation, attributable to illumination
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control as the targets longitudinal positions varies, is shown as the
combined standard deviation.

Desired Contrast 5 10 15 20 25 35

Mean Contrast

Attained 5.4 10.3 15.5 20.4 24.7 34-9

Standard Deviation

Test 1 (expressed as
contrast) .7 -5 1.4 1.7 .5 1.1

Combined Std De-
viation (expressed
as contrast) 1.2 1.1 1.7 1.9 1.1 1.5

Desired Contrast 10 25 35 50

Mean Contrast
Tests Attained 10.3 24.7 34.9 50.4
2,3,4,5

Standard Deviation
(expressed as
contrast) -5 .5 1.1 .4

Combined Standard
Deviation (expressed
as contrast) 1.1 1.1 1.5 1.0

Table II

Target Contrasts

5. Flight Variables

a. Altitude

A simulated altitude of 3000 feet was selected as a typical
altitude used by reconnaissance aircraft and air-to-ground attack aircraft,
on missions requiring target acquisitions, for the following reasons:

1 It is above the range of small arms fire of the .30 cal. variety
and is at the extreme end of the range of .50 cal. (14.5 mm) light,
portable, rapid-fire arms.
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2 It is an optimum 'roll-in" altitude for strafing, the delivery of
napalm, and retarded weapons (bombs in the 250 and 500 pound
classes with specially attached fins that open and allow the air-
craft to clear the bomb blast and fragmentation). This altitude
can also be used for low altitude rocket delivery although an
altitude of 7000 feet and a dive angle of 30 degrees are preferred.

Weather conditions in such areas as SE As.a frequently require
flight under a 3000 feet overcast.

4 This altitude permits pilots to take quick advantage of terrain
masking when operating in a SAM defended environment.

C Flights lower than this altitude present problems for target ac-
quisition due to terrain masking.

6 This is the same altitude used in the previous experiment and
consequently provides similar conditions for comparison of
performance between target acquisition of directly viewed targets
and of targets displayed on a TV monitor.

This altitude was maintained by placing the subject so that his eye
position was at exactly five feet above the target (3000 feet, 6O:1
scale).

b. Airspeed

A simulated airspeed of 350 knots was selected as being rep-
resentative of the speed employed by jet aircraft in the search for ground
targets for the following reasons:

1 This speed represents the best tradeoff between fuel consumption
and maneuverability for attack type aircraft,

2 The 300 to 350 knot speed range is a preferred speed for starting
an attack run.

This speed is optimum from the standpoint of ease of aircraft
control for form oution flying.,

4 At this speed, a pilot has sufficient "G" capability to rapidly
evade missiles and ground fire.

A pilot ha6 sufficient time at this speted to prepsire for an
attack on the first approa,-h rur.

6 This is the same airspeed used in the previous experimert and
consequently provides a consistency of conditions for comparison
of an operator's target acquisition capabilities.
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This speed was simlilated by the rate of the longitudinal travel of

the terrain model.

H. TEST PROCEDURES

The five experiments conducted in this studj were performed, in
the Guidance Development Center, using the 40 X 40 foot, 600:1 scale
terrain model. The test subjects were briefed on the objectives of
each experiment and the procedures to be followed. They were shown
the test setup including the terrain model, targets, and briefing
material. The test moritor then went over the specific test in-
structions with the subjects (Appendix B). After answering any
questions the subjects had concerning the test, the test monitor seated
the first subject on the observation platform in the optical guidance
laboratory (Figure 2).

I I. F

/ /

Fi" 'ure . Subject on Obo;ervktion Fl ottform
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The test procedures for the five experiments were basiLcally the
same with variations in subject briefing und the dynamic or static target
presentation ac.zounting for any differences. Prior to the iotart of each
session, the subjects were given familiarization runs to acqiaint them
with the expe-.imental prccedures.

1. TerAt 1, Target Acqusition with the Unaided E.Ye - In this test,
the subjects were briefed using 4by 4 foot plan and oblique 1 1 .'tographs
of the terrain model (Figures 3 and 4). The 1/2 mile by 1/2 mile target
area was marked on the plan view with a grease ponci.l. Thie subjects wire
permitted -to mark the oblique photograph if they desired.

.7..

~~44

1k4

Fitgure'~ Pl:tn View Plhoto of Terr;.iiii
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The test sequence was started after the subject was seated on the
observation platform and had located ine briefed target area on the
terrain model. The terrain model moved toward the subject at a simulated
350 knots while the subject scanned the target area. When the subject
detected the target he depressed an event mark button which caused the
test conditions at that instant to be recorded. At the moment of
recognition, the subject again depressed the event mark button and also
announced the target shape over the intercom system to the test monitor.
At any other time during the test ran that the subject made a decision
concerning his task he would depress the event mark button and state his
decision, e.g., the realization of a false detection or false recognition.

At the conclusion of each test run, the subject would return to the
briefing room to prepare for the next run.

2. Test 2, Determination of the Target Detection Threshold for
the Unaided Eye, Dynamic Mode - Procedures for this test were similar
to those used in Test 1, except that the size of the target area was
reduced and target recognition was not required. For this test, the
terrain model movement toward the subject was stopped by depressing
the event mark button when the suhject signalled a detection. The subject
was the required to describe the precise position of the detected targct
to the satisfaction of the tert monitor.

3. Test 5, Determination of the Target Detection Threshold for
the Unaided Eye, Static Mode - The experjirental procedures were the sam'
for this test as for Test 2, above, except for the static positions of
the target. The target was positioned at the maximum range, minimUm
subtended angle, and the range wa3 closed in increments which produced
one-ternth of an arcminute variation in the subtended angle between each
position. The subjects were allowed to observe the target area at each
position for as long as they desired before moving to the next position.

4+. Test 4, Decermination of the Target Recognition Threshold for
the Unaided Eye, Dynamic Mode - In order to determine the desired target
recognition threshold, this test started with target detectior ac-
complished by having the exact target position marked on the briefing
photographs anl hy having the target pointed out on the terrain r odel
by the test monitor. The terrain model then closed range at the simul ited
350 knot speed until the subject signaled target recognition by de-
pressing the event mark button and reported the target shApe to the
monitor

5. Test 5, Determination of the Target Recognition Threshold of
the Unaided Eye, Static Mode - The experimental procedures were the same
for this test as foi- Test 4, above, except for the static positions of
the target. The target was positioned at the maximum range, minimum
subtended angle, and the range was closed in increments which produced
one-tenth of an arcminute variation in the subtended angle between each
position. The subjects were allowed tr observe the target area at
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each position for aa long as they desired before moving to the next
position.

I. SU T ECTS

The subjects required for these tests were selected on the basis
of previous military aviation experience in target acquisition. All

of the subjects selectea were ex-wilitary pi)ots and their experience
is out7Lined in Table III. 1he broad experience of these subjects in-
cludes visuaJ reconnaissance and air-to-ground attack missions. One
subject served a combat tour in Lhc Vietnamese conflict. It was hoped
tht the use of exnrpienced pilots would contribute to the validity
of the data and its application to ope-itional requ~rement-,.

The subjects were given ey, examinations by the Martin Marietta
Medicalt Department to ensure that they have normal or in tne case of
visual acuity, corrected to norm!al vision. The tests given were:

1 Ishihara tesL for color blindness.

2 Nea- and fir dis' -ce visual acuity te.s using a Bausch and
Lomb Orthorater.

SSubject Service Aircraft Flown Jet hours Total Hors

I USAF AlE, F4C I1OO 1130

u SNq [BY P;'_V 4000

5 USMC t Mppj types in- 5000
cludiing AL4D

JZJAF P-Si, F-,6, F-!OO, )00 5600

,UiAt 1,-9 , B.-4/ 1000 bo60

LUSAF P-40,-, 2000 400)
F-80, F-80i, F-100,

Table I ±11

Subject' Flitht Experience

I

.I '
'ii
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II. STATISTICAL ANALYSIS OF RESULTS

An analysis of variance (AOV) (Reference 5) was performed
to determine the basic statistical relationships between the test
parameters. The Duncan Multiple Range Test (DMRT) (Reference 10) as
weil as individual t-tests were used to determine detailed relationships
at test points indicating significance on the AOV.

The results are discussed according to the separate objectives: the
investigation of target search, detection and recognition ii, unbriefed
and briefed modes and the determination of static and dynamic threshold
values for target detection and recognition. General findings common
to all five tests, including effects of contrast on visual angle and
slant range, are presented first in an overview.

Performance as a Function of Contrast

Table IV shows the analysis of variance for all five tests with the
tests treated as blocks. Test 1, the search task over the briefed 1/2 X
1/2 mile target area, was partitioned into two separate tests: detection
and recognition. Differences in levels of contrast between Test 1 with
six levels and Tests 2 - 5 .ti :'u:r !c%- ... ted ai compromise on
the analysis of the contrast main effect. For this combined AOV, the
same three levels of contrast common to all five tests were used: 10,
25 and 35 percent.

Additional AOV's were computed for each test separately and the
Duncan and t-tests were performed on these data since there were additional
contrast levels whict. could be analyzed. These AOV tables are presented
in Appendix C.

As expected, the variation in performance due to chango& in the
target-to-background contrast levels was the strongest effect. At low
contrast levels the threshold distances for slant range at detection or
recognition were the smallest and Jncreased with an increase in contrast
up to approximately the 20 percent level where they leveled off. Convert-
ing these values into visual angle subtended by the target at detection
and/or recognition, the ability of the operator to see the target in-
creased (a decrease in required visual angle) with an increase in
contrast up to the same 20 - 25 percent '.- el and then was constant as
contrast increased. In all cases contrast was not a significant factor
at levels of 25 percent or above.
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Sourm2e of Vaiation . _ f SS F

Blocks (B) 5 92.51 59.30 *"

Subjects (S) 4 21.49 17.22 **

Targets (T) 2 2.27 3.64

Contrast (C) 2 87.48 140.20

.3 X S 20 13.49 2.16

B X T 10 5.62 1.80 N.S.

B X C 10 26.15 8.,8 *

S X T 8 2.51 1.00 N.S.

S x c% 8 5.67 2.27 *

T X C LL 7.02 5.64 A*

B X S X T &j.94 0.72 N.S.

X S X C 40 1?.93 '.03 N.S.

B X T X C 20 25,28

S X T X C i( 7.08 1.,+2 N.S.

FtRsidualJ 80 24.96

r Total 269 543.40

Table IV

Combined Analysis of Variance Tests 1 - 5

.:P< .0
' 'PK .01
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The greatest variation in performance due to contrast was at the
5 - 15 percent levels as snown in Figure 5. T hia graph illustrates the
overall effects of contrast on visual angle for all five tests including
the detection and recognition phases of Test 1. Vertical brackets at
each contrast level denote non-significance of performance results
compared across each test as computed by either the DMT or t.-test.

In order to compensate for missing data due to errors and lack of
sub ie&. esponse, values of extremes and values of maans were used for
those missing data cells. POV's were computed with both sete of values.
Test results were unaffected, i.e., there were no significant differences
resulting from use of either set of values except at the 5 percent contrast
lev,l on the detection phase. Both the extreme values and mean values
were different (p<.O1) from the dynamic recognition phase of the test.
At all othei contrast levels no significant differences occurred between
the detection and recognition phases of the test except at the 35 percent
level (significant at p<.05).

This ndi .ed that, at the higher contrast levels, recognition
occurred a-iost .Aimultaneously with detection of the target. Results
of the DMERT across contrast levels revealed tha-t there was not a
signif4cant difference between the 5 percent and 10 percent points but
that these two were different (p< .05) from all other contrast levels.
The levels from 15 - 25 percent were not different from each other in-
dicating that, at higher contrast levels, contrast apparantl; had little
effect on detection and/or recognition for. tasks involvfng search or
threshold acquisition. The simulated slant range at detection occuired
from more than 24,000 ft out for the 20 percent down to greater than
16,000 ft at the 5 percent level.

Test I: Target Recognition

The same pattern was evidert in tue recognition priaoe as it was in
the deteution phase. Recognition of thie target became easier as thej contrast increased to the 15% level and then leveled off Unlike the
detection phase-, recognition became increasingly easier from the 5 pc-cent
contrast level thru the 15 percent level. This indicated that even the
extreme value substitutions in Phase 1 were on the conservative side and

t could have been higher.

The difference at the 35* level (p<.O) between detection and rec-
ogaition may have been a type i error, or it may have Lnd"uated a trend
toward significantly earlier detection prior to recognition.

Tests 2 thru 5 examined target detection lnd reco'Lt-ti.on thresholds
by:

1 Eliminating the search requirement. The subject was shown a very
small target area to be detected (its visual angle was approximately
;.4

° ) and he :as given an exact position briefing; tre target
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itself was pointed out for the recognition threshold tests.

2 Eliminating the effect of decision time on both detection and
recoptnition. The subject was given unlimited viewing time
during the static tests.

Tests 2 and 3: Dynamic Detection and Static Detection - Briefed Targets

The threshold detection and recognition tasks showed no significant
differences due to the time a subject viewed the target. There were no
differences between Test 2, Dynamic Detection and Test 3, Static De-
tection, at any contrast level (Figure 5) showing that test conditions
eliminated the search element. Detection slant range differences between
the dynamic and static cases ranged from 1200 ft at the 50 percent contrast
level to 4100 ft at the 25 percent level.

The effect of contrast on visual angle was greatest at the 15 percent
level. There was no difference, however, between the 25 percent and 35
percent levels or the 35 percent and 50 percent levels. A trend of in-
creasing effectiveness of contrast was indicated by the difference
between both the 10 and 25 percent levels compared to the 50 percent
leve'.

The effect of limiting the search requirements to a very small area

was evident in comparing. Test 2 with Test 1 (see Figure 5). There were
significant differences (p<.Ol) at ;,I! contrast levels between these
tests. Differences in slant range varied from 3000 ft at 10 percent
to 7400 ft at the 35 percent levcl. Differences in detection time ranged
from a mninimum of 5.1 seconds difference at 10 percent to 12.5 seconds
difference at t:.e 5 percent level.

A direct correlltion with slant range was the visual angle of the
target subtended at the eve. This analysis showed a visual angle of
.O arcminutes required for search at the most difficult contrast level

of 1v percent as compared to 1.7 arcminutes of angle for the non-search
task of Test 2. At the maximum level of 35 percent, Test 1 required a
visu'Al angle of 1.9 arcminutes wnile Test 2 requirements were half that
or 1.0 arcminutes.

Where tnere was very little difference between detection and
recognition on trie search task (Test 1), there was a great difference
between t:kese factors at the threshold level. Test 2, Dynamic Detection
and Test 4, Dynamic Recognition, were significantly different (p .05)
at all contrast levels except the 35 percent level. At the 10 percent
level, recognition did not occur for 17.3 seconds, or at 10,200 ft
slant range, after detection which occurred at 20,500 ft. At the 50
percent contrast level, the subject waited an average of 48.9 seconds
or traveled an additional 28,900 feet, on the average, before recognition
occurred.
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-ets 4 ind 5: Dyna ic and Static Recognition

The only significant difference between static and dynamic con-
ditions in Test 4 and 5 was at the 50 percent contrast level ('3ee
i ure 5) whepe the two were just different at the .05 level.

"he static and dynamic cases maintained a minimum difference of 1100
ft at 10 percent contrast and 6900 ft at the 35 percent level. Following
th trend of all other test conditions, contrast did not have an effect
cn rec-gnition after t- 2.5 percent level. At low contrast levels the
eli-mination of the search reauirement did not affect performance as
shown by the lack of statistical difference between Test 1 and Test 4.
As the targets became easier to see, however, the recognition thresholds
were much lower than for the search task (Test 1) e.g., 2.5 versus 1.8
arcminutes of visual angle at 25 percent contrast and 2.4 versus 1.4
at 35 percent. This converts to 14,300 ft versus 19,000 and 14,30 ft
versus 24,500 ft slant range respectively.
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III. DISCUSSION OF RESULTS

A. DETECTI(N

Figure 6A shows tne relationship between the search and threshold

phases of the detection task with respect to the visual angles obtained.

There was a large decrement in performance at low contrast levels on

this task due to the search requirement, and the difficulties involved

in finding the target. As the targets became easier to see at the 20 -
25 percent levels, the difference in performance between the search and

thres.old tests became constant. The search component required ap-

proximately 1.1 arcminutes of visual angle more than did the threshold
task. The improvement in subject performance on the threshold task

appeared to be a linear function throughout the contrast range. Search
at the low contrast levels required a target size of from 1.2 to 2.0

arc-minutes larger than tne threshold values of 1.4 to 1.8 arcminutes.

hen these are converted to slant ranges, search appears to become linear
(;.7ire 63) over the total contrast range with detection occurring at
iO,OO feet at 5 percent contrast up to 22,000 ft at tLe 50 percent level.

Threshold detection, nowever, improved greatly at the higher con-
trast levels up to a maximum detection range of 48,000 ft at the 50 percent
.evel.

In sumary, the effects of target-to-background contrast on a search
task is such that at low contrast revels, a constant difference exists
between the requirements for threshold detection and search detection.

nJ. s was approximately 9CO0 - 10,00 feet slant range and at the simulated
aircraft speeds would amount tc a time differential of 15 seconds. Con-

sequently, pinpointinF low contrast targets during a briefing would allow
an attack pilot up to 15 additional seconds to align his aircraft with
the target over that available wx.en target search is required.

B. REZOGNITION

Fin ures 7A and 7B illustrate the relationship of contrast to visual
angle and slant range for the recognition tasks. At low contrast levels,

search was masked by the inherent difficulties in seeing the target at all.

Therefore, any significant difference between search and threshold functions

did not aupear until the contrast levels reached 20 percent.
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Converting to slant range.o, at the lowest con~trast level, reccognitio:-_
of the target did not occur until ?000 feeh. Ttris would leave almost no
time to release and guide any type of steerable ordnance. The maximnum
recognition slant range on these studies was 15,00C feet which could be
considered close to a minimum release point for steerable ordnanc e.

C.TIME DEPENDENT RESPONSES - STATIC VS DYNAMIC CONDITI0NS

Unlimited response time h~ad no effect on wh-ether a subjiect could
detect or recognize a target trrou ,7hout the tota] contrast range. A
constant difference exilsted between the dynamic and static detection
tests as well as the dynamic and static recognition tests, nowever,
these were not stat-istically significant. These di4fference:3 appeared
to be due to subject reaction time.

D. SU&TJT VARIABILITY

In al tepsts, thne -subiect maneffect .was statist icajLIv siwnr~fic-nt
at either th.e .01 or .05 levels, but Jrrbialania -tdCa_)ted -'at
this effect was attribu-t .ble to indi vidual d' "erces in t-.(, five
exrerienced pilots. T::ere were no consistent trends, rnowever, and
analysis of subject X turzet and subject X corntra.co in- erac ti Ols w'nic:.
were evident in two testc. inzicated onl varia'-oi*. 'Ina ric trend data.
To-e rercentage ot me-. s,-u--re versus error variability v--r-jelJ from 6
percent to a high of 26 rercent cr. to,.r det-cticn portion. of Test 1.
All of thie test sub~ects h ad part-_ci-.,.oed in earli er tests mcn were
considered hrighly experienced. No improvements in perfr7,jnce de to
traininz or , earlniniz far tcrs were evid-ent.



APPENDIX A

DESCRIPTION OF FACILITIES

A. OP.ICAL GU'AB hAB

Te Mnirtjn MairI.etta Guidance Developnent 'enter is cc;,romosed of the
Rvdar Guidance Lab (not used in this study) and the Optical Guidance Lab.
Both of these lab sre h)usedj under onc roof ;?d, because of their
compatible re uirenerCs, shal-re euuipnent und support personnel. Some
orientation te the ]')C and the OGL (hereafter referreAi to au t::e GDC)
can be obtained by referi--n to Fi6ure 6. T , - : axium design c-.aracter-
istics of the GlC are sy.own in Tab e V.

Disrlucerent Ve___0_ _4eo_ j Acceleration

Long 11i 0ft -lO ft/s O- ft/s 2

Vert 1 0 to 24 ft 0 6 ft/s 0 - ft/ s
I i '

Lat - 19 ft 0 - 4 ftls U - 2.7 ft/

Fitch + 120 dcg + 20' deg/s 2000 deg/s

Yaw + Cb deg + 200 deg,s D'00 deg/s'
- - I 0 ; 2

Roll Continuous + 750 degIs 8000 deg/s

Tab2 e V

Laboratory Maximum Design Characteristics

The simulation of flight and range clobure is accomplbshed in tr:e GDC
by 1) the three rotational degrees of freedom provided by the gimbaled

flight head, 2) the lateral and vertical motion of tne flight head
,n the beam carriers, and 3) the longitudinal closing (f the terrain .model.

The obectives of this exreriment were restricted to testing using

the human eve as the only sensor. As a result, only the longitudinal
clo-ing motion of the terrain model % as eaployed to simulate f'.<nt.
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B3. TERRAIN MODEL

The terrain model is a 4*0 foot squar , ti'ree dimensionai-target
Model simulating natural and man-made features of pirticular military
significance. Typical of the mans tactJ.cai targets provided are the hvdrc-
electri4C plant, V4ietna:,r. se ty pe vJiae an ai.rport and harbcr area with
oil dump and train marsnallln- yard. Target feat-ures -.wve been re-
produced at a scale of 600:1 an~d contain minute detail. The model can
be rotated ir azimuth in 90 degree increments to urcvide better use
of the available terrain when used in studies involving search over
unknown areas. The :nodel can also be tilted with respect to ta .e -ori-
zontal plane at an angle to simulate larger depression angles. Controlled
illumlination is proviaed indoors, but the model may be mloved outdoors
to take advantage of nat-urai illumination. Figure 9 shows t:ie model near
th,-e end of a test run.
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Typ'c-tl -odel p:rarneters are -iven in Tab-le VI.

________~ ~~~~~ __________ .1_scale______

* lacement eI VlC.t ACCel czation

Log11 ~ 000~ ft/ S5Og

Vet12,000 ft -, , t/s)1l/8

>a i , 00 ft /S 3Og

Table VI

Lvojcal !odel IFraramet-.-s

Some typica2I tairgets -ira tarlzet a'-.- lcc at, ons z;ed in T.-i stud are
sh~w in Fig,_nes 10 and1.
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C. AMBI NT LIGHTING SYSTEM

The GDC has a basic ceiling lighting system made up of a combination
of fluorescent and incandescent sources (Figure 12) and is divided into
six bays. Each bay of fluorescent lights is controlled in 50 FC in-
crements, and each bay of incandescent lights is continuously variable
from zero to maximum. With this type of lighting, a wide variety of
illumination profiles may be generated. Illumination levels of ap-
proximately 250 to 400 FC, measured at the model surface, were used for
this study.

TF1

..~ .. ............ il

Figure 12. CDC Ceiling Lighting System Showing r±uorescent and
Incar .lescent Fixtures
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Figures 2 and 9 on pages 17 and 35 respectivelyl show the auxiliary
lighting mounted under the observation platform used to solve the problem
of nonuniformity of illumination at the very end of the run. The non-

uniformity, when measured with a ft-candle meter at a point on the model,
looked like the top curve in Figure 13 while the auxiliary lighting,
produced the lighting effect on that same point as shown by the bottom
curve. The resultant brightness level produced the desired control of
target-to-background contrast.

Desired Brightness Level

A t. . Filled in Area with

FC Direction of Terrain AxililAr ih

Falling Model Travel AuxilaryLights

on
Model

100 75 50 25 0

Feet

Figure 13. Illustration of Filler Lighting Scheme

The successful solution to this problem was mandatory since the

45 degree targets used were highly sensitive to a fall-off in frontal
illumination. This type of fall-off kept the background roughly the
same brightness, but caused the face of the target to darken at a more
rapid pace than did the background. This then caused a change in
contrast that was not acceptable. By carefully adjusting the auxiliary
lights, contrasts could be held within test tolerances throughout the run.

D. DESCRIPTION OF CONTROL AND RECORDING EQUIPMENT

The analog computer used during this study was an EAI PACE 231R.
An 8-channel EAI strip chart recorder was used in conjunction with the
computer to obtain a permanent record of the data and the variables
pertinent to the analysis of the problem. Figure 14.
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Figure 14. Analog Computers and Recorders Used in GDC

The manual positioning of the terrain model and observation plat-
form was accomplished by manually adjusting potentiometers while
monitoring the voltages from feedback potentiometers located on the
various drive units. Figure 15 shows the manual drive consoles and
lighting control panels.
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APPEN4DIX B

SUBJEET INSTRUCTIONS

Prior to each test, the subjects were briefed on the general and
specific objectives of the experiment and given a copy of the in-
structions shown below. These instructions and the test procedures
were discussed until the test monitor was assured that each subject
understood his task.

INSTRUCTIONS - TEST 1

TARGET ACQUISITION WITH THE UNAIDED EYE

i, The purpose of this experiment is to determine the ability of specially
qualified subjects to acquire surface targets from the air under
various experimental conditions.

The experiment will simulate the flight path of an attack aircraft
flying towards a pre-briefed square shaped target area 0.5 miles
on a side at 350 knots and 3000 fee. altitude. Tne basic task of
the test subjects will be to locate tne target in the target area
aad report target detection and recognition as it occurs.

The aircraft flight will be towards the center of the target area
as shown on the briefing photographs. The briefing photographs are
both vertical and oblique views of the terrain model with the
target area marked on the vertical view.

Prior to each run, you will have time for briefing using photographs
of the terrain with the target area outlined. Your task during
briefing will be to familiarize yourself with the target area.

The targets used during this experiment are representative of targets
37.5 feet long and 18.75 feet high. The targets are two dimensional
and inclined at a 45 degree angle to overcome the variations induced
by shadows and to maintain a constant target presentation during
the entire run. The shapes which are being used are shown below.
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Left Shed House Right Shed

The runs will be made from approximately 7 miles slant range to 2 miles,

simulated.

Procedures

1. As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target area applies
for your first run.

2. Study the appropriate target area on the briefing pnotograpla.

3- When it is your turn to take a run, you will be seated on the plat-
form in the lab area. When the platform has been positioned for the
run, you will be notified over the intercom and you should then locate
the target area as marked on the briefing photograph.

4. As soon as you are ready to start tue run, notify the experimenter
via the intercom.

5. After the run has started, scan the target area in search of the
target.

6. Press the event mark button immediately upon detecting the target.
The definition of target detection will be considered here to be
that point when you feel that you have sufficient information con-
cerning the suspected target such that you would, if flying, alter
your flight path in order to better verify the existence of the
target.

7. Press the event mark button a second time immediately upon recognizing

the target. Recognition is considered to occur when you have sufficient •
information concerning the target suce that you would be willing in
an operational situation, to commit yourself to weapon release at
the earliest possible time while also being able to describe the
target by name. Announce the name of the target to the experimenter.

In the event that detection and recognition occur simultaneously,
press the event mark button and announce the name of the target to
the experimenter. If you realize that an error in either detection
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or recognition was made, press the event mark button to indicate
your corrected detection and/or recognition response, announce
the fact to the experimenter and continue as before.

Remember - always press the event mark button immediately upon

making a detection or recognition decision. The verbal statements
will always follow the "event mark."

8. At the conclusion of the run, return to the briefing room and prepare
for your next run.

9. During the course of each session, please do not disclose to the
other subjects an, information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another subject and as
a consequence, bias the results.

Do not hesitate to ask questions of the experimenter concerning
your individual performance or any procedures.

Prior to the actual test runs, there will be familiarization runs
to acquaint you with the experimental procedures.
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INSTRUCTIONS - TEST NO. 2 AND 3

DETERMINATION OF THE TARGET DETECTION THRESHOLDS OF
THE UNAIDED LYE, DYNAMIC AND STATIC

1. The purpose of this experiment is to determine the target detection
capability of specially qualified subjects.

The two tests will simulate the flight path of an attack aircraft
flying towards a pre-briefed 600 foot diameter circular target
area at 350 knots and 3000 feet altitude and will provide static,
fixed ranges to be viewed from the 3000 feet altitude. The basic
task of the test subjects will be to locate the target in the target
area and report target detection as it occurs. The aircraft flight
will be towards the center of the target area as shown on the brief-
ing photographs. The briefing photographs are both vertical and
oblique views of the terrain model with the target area marked on
the vertical view.

Prior to each run, you will have time for briefing using photographs
of the terrain with the target area outlined. Your task during
briefing will be to familiarize yourself with the target area.

The targets used during this experiment are representative of
targets 25 feet long and 12.5 feet high. The targets are two
dimensional and inclined at a 45 degree angle to overcome the
variations induced by shadows and to maintain a constant target
presentation during the entire run. The shapes which are being
used are shown below.

Left Shed House Right Shed

The runs will be made from approximately 7 miles slant range to 2
miles, simulated.
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Procedures

1. As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target area applies
for your first run.

2. Study the appropriate target area on the briefing photographs.

3. When it is your turn to take a run, you will be seated on the plat-
form in the lab area. When the platform has been positioned for
the run, you w1ll be notified over the intercom and you should then
locate the target area as marked on the briefing photograph.

4. As soon as you are ready to start the run, notify the experimenter
via the intercom.

5. For the dynamic portion of the experiment, after the run ha- started,
scan the target area in search or the target. Press the event mark
button immediately upon detecting the target. The definition of
target detection will be considered here to be that point when you
feel that you have sufficient information concerning the suspected
target such that you would, if flying, alter your flight path in
order to better verify the existence of the target.

The terrain model will be stopped when you signal target detection
and you will be asked to describe the location of the detected target.

6. For the static test, the terrain model will be positioned at specific
ranges. At each position you are to scan the target area in search
of the target. You may take as much time as you like at each position.
When you feel that you cannot detect a target after your search, in-
form the test monitor and the terrain model will be moved to the next
closer position. When you have detected the target, inform the test
monitor. Ycu will then be asked to describe the location of the
detected target.

7. At the conclusion of each run, return to the briefing room and prepare
for your next run,

8. During the course of each session, please do not disclose to the
other subjects any information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another sutject and as
a consequence, bias the results.

Do not hesitate to ask questions of the experimenter concerning your
individual performance or any procedures.

Prior to the actual test runs, there will be familiarization runs
to acquaint you with the experimental procedures.
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INSTRUCTIONS - T2ESTS 4 AND 5

DFTERMINATION OF THE TARGET RECOGNITION THRESHOLDS
OF THE UNAIDED EYE, DYNAMIC AND STATIC

1. The purpose of this experiment is to determine the target recognition
capabilities of specially qualified subjects. The two tests will
simulate the flight path of an attack aircraft flying towards a pre-
briefed target position at 350 knots and 3000 feet altitude and will
provide static fixed ranges to be viewed from the 3000 feet altitude.
The basic task of the test subjects is to observe the target position
as range closure occurs and report target recognition as soon as
possible.

The target positions are marked on the vertical briefing photographs
and will be briefed by the test monitor in the lab prior to each
individual run. Both vertical and oblique view photographs of the
terrain model will be available for briefing between each run. Your
task during briefing will be to familiarize yourself with the target
position.

The targets used during this experiment are representative of targets
25 feet long and 12.5 feet high. The targets are two dimensional
and inclined at a 45 degree angle to overcome the variations in-
duced by shadows and to maintain a constant target presentation
during the entire run. The shapes which are being used are shown
below.

.eft Shed House Right Shed

The runs will be made from approximately 7 miles slant range to 2
miles, simulated.
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Procedures

1. As soon as you arrive for the scheduled session, refer to the schedule
posted in the briefing area and determine which target position applies
for your first run.

2. Study the appropriate target positiop on the briefing photographs.

3- When it is your turn to make a run, you will be seated on the plat-
form in the lab area. When the platform has been positioned for the
run, you will be notified over the intercom and you should then locate
the target position as marked on the briefing photograph. The test
monitor will provide an additional target position briefing if necessary.
You must be able to detect the target before the run can start.

4. As soon as you are ready to start the run, notify the monitor via
the intercom.

5. For the dynamic portion of the experiment, you should press the event
mark button immediately upon recognizing the target. Recognition is
considered to occur when you have sufficient information concerning
the target such that you would be willing in an operational situation,
to commit yourself to weapon release at the earliest possible time
while also being able to describe the target by name. Announce the
name of the target to the monitor. The terrain model will be stopped
when you signal target recognition.

6. For the static test, the terrain model will be positioned at specific
ranges. At each range you will be asked to determine if you can
identify the target. Take as much time as you like at each position.
When you feel that you cannot recognize the target at its present
range, notify the test monitor and the terrain model will be moved
to the next closer position. When you recognize the target, announcej the name of its shade to the test monitor.

7. At the conclusion of each run, return to the briefing room and prepare
for your next run.

During the course of each session, please do not disclose to the
other subjects any information relative to your findings or
observations during a run. A comment may seem harmless relative to
the experiment but it could help or hinder another subject and as a
consequence, bias the results.

J Do not hesitate to ask questions of the monitor concerning your
individual performance or any precedures.

8. Prior to the actual test runs, there will be familiarization runs
to acquaint you with the experimental procedures.

4



50



.~YJx C

I. o cl-t3i-f basic stat::stical d-ta, an arnalvsis of vari-ce was
perfcr-ed o-. eacr. test. Su=-arized AQV tables are s::zwr. a Ilong
~t t -.e r; + atios -an:: I-nacations of si;.,ficance. Extreme

va-* su stitutiorns -were .sed :cr missing data.

Test 1D--a-mic Detection - Searc*-

So'.~rCe LfZ
Variation d, Sums of SQuares (SS) F Ratio

Sub-.ects (S) 6.53 51

argets (T) 2 5.16 3.3-2 N.S.

Contras t (0) 2 27. 4w 10.49

S XT 8 4.28 1.02 N.S.

S X C 20 13. 22 1.20' N.S.

T0X C 10 5,.16 10.4 10~

IResidual 40 20.92

Total 89 130.73

Note. Significance at .05 level

£Significance at .01 level
Is'N.S. -Not Significant
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Test 1 Dynamic Recognition - Search

Source of

Variation df Sums of Squares (SZ) F

S 4 18.38 13.l

T 2 3-.70 5.56

-5 2:1 .: 3 60

S X T 8 4.9 4 1.85 N.S.

S X C 20 9.13 1.37 N.S.

T X C IC 33.52 13.07 ""

Residu~al 4C; 13.31

Total 89 145.43

Test 2 Dvnamic Detection - Briefed Targets

Source of

Variation df Sums of Squares (SS) F

S 4 7.06 24.37

T 2 1.03 7.1 "

C 3 5.22 2L+.04 so

S X T 8 0.47 0.81 N.S.

S X C 12 11.27 12.96

T X C 6 7.27 16.736"

Aesidual 24 j.74

34.o6

:52Ii

iA
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Test Static Detection - Briefed Targeti

Source oI
I Vari.atior 6f Sums of Sauares (SS) F

i 5.5 35.9

S0.64 8.35

3.39 29.32"

;; 3 0.35 1.12 N.S.

S( C 12 10.65 23.02

x 3.24 1;. 00

Residual 24 0.92

Total 59 24.74

Test 4 Dynamic Recognition - riefed Targets

Solarce of

Variation df Sms of Squares (SS) F

S 4 15.49 9.28

T 2 2.38 2.28 N.S.

JC 3 61.23 48.91 *3

S XT 8 6.09 1.82 N.S.

s S C 12 2.01 0.40 N.S.

T X C 6 3.11 1.24 N.S.

I Residual 24 10.02

I Total 59 100.32

I1
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I

Tet Static Recognition - Briefed Targets

Source of

Variation df Sums of Squares (SS) F

S 4 1f.85 17.i4

T 2 0.73 1.68 N.S.

C 3 48.82 75.16 °"

S X T 8 1.64 0.95 N.S.

S X C 12 7.79 3.00 "

T X C 6 3.26 2,51 -

Residual 24 5.20 2.51 -

Total 59 82.29

II. Individual Test of' Signiicance

At points where significance was indicated by the main effects, a
t-test was performed whei only two parameters were involved, e.g.,

at the 5 percentj 15 percent and 20 percent contrast ievels.

At other points the Duncan Multiple Range Test was employed to
test differences between values. The group means are shown in
the following tables. The values which are underlined by the same
line are not significantly different from each other. Those which

are not connected to each other by the underline are significantly

different at the .05 level of probability.

I. 1C%- Contrast Level

Group (test values) 4 3 1 6 2 4

Means 1.54 1.68 3.00 3.29 3.40 3.69

2. 25% Contrast Level

Group (test values) 4 3 6 5 1 2

Means 1.05 1.23 1.37 1.80 2.35 2.48
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3. 25% Contrast Level

Group (test values) 4 3 6 5 1 2

Means 0.90 0.98 1.O6 1.39 1.90 2.44

4. 52% Contrast Levee

Group (test values) 2 1 4 3

Means 0.67 0.68 1.22 1.51

'Tested Across Contrast Levels

5. Test 1 - Dynamic Detection - Search

Group (contrast levels) 20% 35% 15% 5% 25% 10%

Means 1.81 1.90 1.98 2.18 2.35 3.00

6. Test 1 - Dynamic Recognition - Search

Group (cont,-ast levels) 20% 35% 25% 15% 10% 5%

Means 2.32 2.44 2.48 2.80 3.40 4.40

7. Test 2 - Dynamic Detection- Briefed

Group (contrast levels) 50% 35% 25% 10%

Means 0.68 0.98 1.23 1.68

j 8. Test 4 - Dynamic Recognition - Briefed

Group (contrast levels) 45% 50Y 25% 10%

Means 1.39 1.51 1i80 3.69

I
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